Neuronal injury produced by NMDA antagonists can be detected using heat shock proteins and can be blocked with antipsychotics.
Noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonists, including ketamine, MK-801, and phencyclidine (PCP), induce the HSP70 heat shock or stress gene in pyramidal neurons in rat posterior cingulate and retrosplenial cortex. PCP also induces HSP70 in many other pyramidal neurons in brain including neocortex, insular cortex, piriform cortex, hippocampus, and basal nuclei of the amygdala. Several neurotransmitter antagonists, including haloperidol, clozapine, SCH-22390, diazepam, and muscimol, inhibited induction of HSP70 produced by PCP. Baclofen had no effect. Nifedipine blocked induction of HSP70 by PCP in cingulate, neocortex, and insular cortex but only partially blocked HSP70 in piriform cortex and amygdala. These data suggest that phencyclidine injures pyramidal neurons via dopamine D1, D2, D4, sigma, and other receptors. Gamma-aminobutyric acid (GABA) agonists ameliorate the injury. A model is proposed whereby NMDA receptor blockade on GABA neurons decreases inhibitory inputs onto cortical pyramidal neurons and makes them more vulnerable to injury from a variety of excitatory inputs. It is possible that psychosis produced by PCP and other NMDA antagonists correlates with overactivity and eventual injury to cingulate pyramidal neurons.